Since the fluoride (F-) intake of New Zealand infants and young children is not known, a study was designed to determine and compare the F-intake of infants, aged 11 to 13 months, residing in fluoridated (F) and non-fluoridated (NF) areas. Parents of 60 infants duplicated quantitatively and qualitatively all food and drink that the infants ingested during a three-day period. The acid-diffusible Fcontent in the liquid homogenate was isolated by the HMDS-HCl diffusion technique (Taves, 1968) and measured by a fluoride electrode. The ionic F-in samples of breast milk was measured directly by the electrode. In the F area, the Fcontent of the food and drinks of 31 subjects ranged from 0.130 to 0.679 mg/kg (mean, 0.320; SD, 0.168); in the NF areas, the Fcontent of the food and drinks of 29 subjects ranged from 0.036 to 0.281 mg/kg (mean, 0.095; SD, 0.053). The dietary intake ranged from 0.089 to 0.549 mg F/day (0.009-0.056 mg F/kg bw) in the F area, and from 0.038 to 0.314 mg F/day (0.004-0.038 mg F/kg bw) in the NF area. Including F-from tablets and toothpastes, total intake ranged from 0.093 to 1.299 mg F/day (0.009-0.150 mg F/kg bw) and from 0.039 to 0.720 mg F/day (0.004-0.061 mg F/kg bw) in F and NF areas, respectively.
in the food chain, attributable to the use of fluoridated water in food processing and the inadvertent ingestion of fluoridated toothpastes, may have led to optimal levels of fluoride intake being exceeded. In New Zealand, the amount of fluoride occurring naturally in most water supplies is low (<0.20 A.g F/ mL). However, approximately 54% of the New Zealand population drinks water-fluoridated at or just below 1 jig F/mL (de Liefde and Herbison, 1985) ; in areas containing less than 0.30 Ag F/mL in the water supply, the use of fluoride supplements is recommended, although not strongly reinforced. The use of fluoridated dentifrices is widespread throughout the country. Since the total daily fluoride intake of New Zealand infants and young children is not known, this study was designed to determine the levels of fluoride intake of two groups of infants, one resident in a fluoridated area and the other in non-fluoridated areas.
Materials and methods.
The study population was drawn from the list of infants aged 11 to 13 months registered with the Royal New Zealand Plunket Society, an organization devoted to the care and well-being of children. In the South Island, nearly 90% of one-year-old infants are monitored by the Society for physical development and social progress (Royal New Zealand Plunket Society, Annual Report, 1986 -1987 . Parents of the 91 infants identified in the non-fluoridated areas of Timaru and Oamaru were invited to participate in the study, together with an equal number of parents of infants selected by a table of random numbers from the list of 162 infants identified in the fluoridated area, Dunedin.
The duplicate-portion sampling technique was used for determination of the intake of fluoride from dietary sources. The parents duplicated quantitatively and qualitatively, as accurately as possible, by visual assessment, all food and drink that their child ingested during a three-day period. Parts of the food not normally consumed, such as fruit peels and bones, together with amounts equivalent to "leftovers", were removed before the food was placed in a pre-weighed, acid-washed, plastic container. In addition, a record of the nature and approximate quantity of food consumed, expressed in household measures, was maintained. Mothers who nursed their infants were requested to provide a sample of breast milk. One fluoride tablet from the supply of those children taking tablets and a sample of toothpaste, equivalent to the amount normally used by the infant, were collected.
The food samples were homogenized for 10 to 15 min in an acid-washed glass container of a commercial food blender, number-coded, and stored in acid-washed plastic jars at -40°C until analyzed. The analyses were made blind, and the code was broken at the completion of the analyses. The acid-diffusible fluoride content in the liquid homogenate of the food sample was analyzed by the HMDS (hexamethyldisiloxane)-HCl diffusion technique, as described by Taves (1968) , with minor modifications (Waterhouse et al., 1980) . Fluoride measurements were made with a Combination Fluoride Electrode Orion Research Incorporated, MA) that was connected to an Ionalyzer (Orion Model 407 A/L). Fluoride in samples of human milk was determined directly by the electrode after low-level TISAB [Total Ionic Strength Adjustment Buffer, Orion Instruction Manual, 1987] was added to the samples.
All food samples were analyzed in triplicate, and recovery experiments were done on about one-third of the food samples selected at random. Blanks were subtracted from each reading after standard curves had been established. Repeat experiments were performed on approximately one-quarter of the food samples to check whether the results could be duplicated.
The energy intake of 17 infants was determined from the parents' record of food intake based on composite food tables prepared for a national dietary survey (Birkbeck, 1977) . The relationship between energy intake and fluoride levels in the diet was determined by linear correlation analysis.
Results.
From the 253 infants identified for the study, 182 (71.9%) were contacted. The parents of 65 (35.7%) infants consented to participate in the study, and 60 infants completed the study. Details of the study population are presented in Table 1 . Fifteen (25%) infants were being partially breast-fed, and 30 infants were on cow's milk. Eleven (18%) infants were being fed on homogenized commercial milk formula, and four infants who were allergic to cow's milk were on soy-milk formula. Thirteen (22%) infants were having their teeth brushed with a fluoridated toothpaste, once or twice daily; most (79%) of these infants were using toothpaste by ten to 12 months of age. In one of the infants, the use of toothpaste was introduced at the age of six months, and in one, as early as four months, in the presence of an advanced dentition. Though current schedules on the use of fluoride supplements in non-fluoridated areas (<0.30 pLg F/mL) in New Zealand (Clinical Services Letter, 1983) recommend that children aged between six months and two years receive 0.25 mg F/day, only six (21%) infants from the non-fluoridated area were reported to be using fluoride supplements.
The recovery of fluoride added to food samples before diffusion ranged from 91.6 to 105.6%, with a mean of 96.75 + 3.89 (SD)%. The overall blank from the procedure was 0.013 FLg of fluoride. Results of the repeat analysis of 16 (25%) of the food samples were in close agreement (p <0.005, paired t test), further demonstrating the sensitivity and accuracy of the analytical technique.
Analysis of the free fluoride ion in breast milk revealed very low levels of fluoride ranging from 0.002 to 0.004 pug F/mL (mean, 0.003; SD, 0.001) in the fluoridated area and from 0.001 to 0.005 jig F/mL (mean, 0.003; SD, 0.002) in the nonfluoridated areas. There was no statistically significant difference (p>0.05, t test) between the fluoride content of breast milk of mothers living in the fluoridated and that of those in non-fluoridated areas. Estimation of fluoride intake from breast milk was difficult, since it was not practical to weigh infants before and after each feeding. It is reported that, on an average, a totally breast-fed infant suckles 850 mL of milk per day (Whitehead, 1988) . This value was used for estimation of the contribution of fluoride from breast milk and equated to a mean fluoride intake of 0.003 mg/day. Since the infants in this study derived only a portion of their diet from breast milk, fluoride intake from this source was overestimated rather than underestimated.
There was greater variability in the fluoride content of food and drinks in the fluoridated area than in the nun-fluoridated area ( Table 2 ). In the fluoridated area, the fluoride content in 31 food samples ranged from 0.130 to 0.679 mg F/kg and, in the non-fluoridated areas, the fluoride content in 29 food samples ranged from 0.036 to 0.281 mg F/kg of food. The mean fluoride content of food and drinks ingested by infants in the non-fluoridated areas was 3.4 times lower than the mean fluoride content of food and drinks ingested by the infants in the fluoridated area. The fluoride content of the diet of three infants in the non-fluoridated areas was found to be within the range found in the fluoridated areas. Assessment of the dietary records revealed that two of the infants were allergic to cow's milk and were on Infasoy (Wyeth Pharmaceuticals Proprietary Limited, New South Wales, Australia). Infasoy, a soy-based non-milk formula, was analyzed in this laboratory and was found to contain as much as 0.159 fig F/mL when reconstituted with de-ionized water. One of the infants was accustomed to drinking tea, another high source of fluoride.
The energy intake of 17 (28%) non-breast-fed infants with an average weight of 9.8 kg ranged from 576.8 to 1446.8 kcal/ day (mean, 886.4; SD, 185.4 kcal/day) (Table 3 ). There was (BM), infants being fed partially on breast milk; (SM), infants allergic to cow's milk and being fed soy-milk formula; (HM), infants on homogenized cow's milk formula; the remaining infants were fed on cow's milk.
*Values do not include fluoride intake from breast milk. The mean fluoride content in the diet of infants was 0.320 (SD 0.168) mg F/kg of food in the fluoridated area and 0.095 (SD 0.053) mg F/kg of food in the non-fluoridated area. The mean fluoride intake of infants was 0.028 (SD 0.013) mg F/day in the fluoridated area and 0.009 (SD 0.006) mg F/day in the non-fluoridated area. no correlation (r = 0.233; R2 = 0.054) between the energy intake levels and fluoride levels in the diet. Table 4 shows the additive effects of the usage of fluoride toothpastes and tablets on total fluoride intake. Several studies have reported that ingestion of dentifrice following brushing is a common practice in young children, and that the amount ingested is inversely related to age and directly related to the amount applied on the toothbrush (Barnhart et al., 1974; Dowell, 1981; Drummond and Curzon, 1985) . The ingestion of dentifrice has been found to range from essentially none to 100%, and an average of approximately 25% ingestion has been predicted based on these reports. In this study of children aged 11 to 13 months, all the parents reported that their child was unable to spit out the paste. If it is assumed that some toothpaste was left on the brush and some dribbled out, fluoride intake from toothpaste was calculated on the assumption that approximately 80% of the paste was swallowed by the infant during brushing. Although the use and inadvertent ingestion of toothpastes were estimated to have increased the total intake by infants in the non-fluoridated areas to near optimal levels, they caused the fluoride intake of one of the infants in the fluoridated area to exceed the recommended optimal levels of 0.05-0.07 mg F/kg bw (0.5-0.7 mg F/day) and placed the child at an undesirable level of fluoride intake. With the additional use of fluoride tablets at 0.25 mg/day, the mean fluoride intake of more than half the infants in the non-fluoridated areas was found to be similar to or slightly lower than the mean fluoride intake of infants in the fluoridated areas.
The daily fluoride intake of infants, from food and drinks alone, did not exceed 0.06 mg F/kg body weight, and in all but one child was at or below 0.05 mg F/kg bw. The highest level of intake from food and drinks alone (0.056 mg F/kg bw) was by one of the infants who lived in the fluoridated area and was on soy formula. The lowest level of intake (0.004 mg F/kg bw) was by an infant in the non-fluoridated area who derived 80-90% of its nutrition from breast milk. Table 5 summarizes the results on the fluoride ingestion of infants on a mg-F/day and mg-F/kg-bw basis. The mean dietary fluoride intake [0.009 ± 0.006 (SD) mg/kg bw] of infants in the non-fluoridated areas was three times lower than that [0.028 + 0.013 (SD)] of their counterparts in the fluoridated areas and was nearly five to seven times lower than the recommended optimal levels of intake. In the fluoridated area, the mean fluoride intake of infants was about half the recommended optimal level of intake.
Discussion.
Previous estimates of the daily dietary fluoride intake of infants in several different countries have been based on the analysis of individual foods used, with the assumption that certain food items and/or their combinations in a certain proportion constitute the daily diet. Such estimates take no account of individual variations in both composition and quantity of the diet. An accurate method would be the use of exact weighed replicas of the diets of infants. However, it was not practical for parents to weigh duplicates of individual food portions and adjust by weighing for leftovers. Duplication and 0.009-0.150 0.020 0.017 0.004-0.061 The mean, standard deviation, and range of values for the fluoride intake of 31 infants from fluoridated and 29 infants from non-fluoridated areas were determined on a mg F/day and on a mg F/day/kg body-weight basis. Separate values are shown for fluoride intake from food and drinks and from all sources. adjustment by visual assessment was found to be a very practical method, even though it still required a considerable effort by the parents. In this study, food and drinks (including water) ingested by each infant over a period of 72 h were qualitatively and quantitatively duplicated as accurately as possible by visual assessment. The analysis of the fluoride content in the "duplicated diets" is thus much more likely to reflect true fluoride content and intake in infants than are previous studies based on market-basket collections and "phantom diets".
The fluoride content of the diet of all the infants resident in the non-fluoridated areas contained low amounts of fluoride. However, sources of high fluoride intake such as soy-milk formulae and tea were found to raise the fluoride content of the diet to near optimal levels. The other sources of fluoride intake identified in this study were fluoridated toothpastes and fluoride supplements. Although the use and ingestion of fluoridated toothpastes increased the total intake of infants in the non-fluoridated areas to near optimal levels, it caused total fluoride intake of some infants in the fluoridated areas to exceed the optimal levels. The use of fluoride supplements (0.25 mg F/day) in the non-fluoridated area raised the total fluoride intake, but it was still below the recommended optimal levels of intake. However, if a child on soy formula in the nonfluoridated areas were to ingest fluoride supplements and large amounts of toothpaste as well, the total fluoride intake of this infant could exceed optimal levels of intake.
Comparisons of these findings with other reports on the fluoride intake of infants and children are extremely difficult due to differences in sampling and analytical techniques. However, the levels of fluoride intake by infants in this study appear to be even lower than those in the report by Hattab and Wei (1988) on the fluoride intake of infants aged six to 11 months living in Hong Kong, which has a water fluoride level of 0.7 [g F/mL. In that study, the mean fluoride intake of infants from whole milk, infant formulae, and beverages was estimated to be 0.027 mg F/kg bw or 0.23 mg F/day. Meat, fish, and poultry were estimated to contribute about 17% of the total dietary fluoride intake. The fluoride intake of infants in the present study appears to be half the reported level of fluoride intake of Canadian infants aged nine to 12 months, or American infants aged six months to two years. However, the American study (Singer and Ophaug, 1979 ) was based on the analysis of composite food groups prepared according to the results of a survey of household food consumption conducted from 1965 to 1966. Similarly, the Canadian data (Dabeka et al., 1982) on the fluoride intake of children were based on 1970-1972 data of food intake. The authors pointed out that the average composition of infant diets may have changed over the years. With more emphasis being placed on breast-feeding and with infant formulae reported to contain much lower levels of fluoride, it can be expected that the fluoride intake of infants and young children today may be well below optimal levels if food and drinks are assumed to be the only source of fluoride.
The diets used by Singer and Ophaug (1979) , in the calculation of daily fluoride intake of children aged six months, provided approximately 740 kcal/day, as recommended by Fomon (1975) . Fomon also recommended that infants aged between nine and 12 months in the 50th percentile of body weight should receive 925 kcal/day. The mean energy intake (888 kcal/day) of a subsample of infants in this study was slightly below the recommendations made by Fomon. The lack of correlation between the energy intake levels and fluoride levels in the diet suggests that estimates of dietary composition based on energy intake may not be a valid indication of fluoride ingestion.
Due to lack of comparable data in New Zealand, it cannot be determined whether fluoride in the food chain has increased over the years. However, the results of this study indicate that the current levels of fluoride intake of the infants from food and drinks alone are not in excess of the recommended optimal levels of intake. This study also stresses the need for identification of potential sources of high fluoride intake in the diet before fluoride supplementation is recommended.
